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EFFECT OF TEXTILE HYGROSCOPICITY ON STRATUM CORNEUM
HYDRATION, SKIN ERYTHEMA AND SKIN TEMPERATURE DURING
EXERCISE IN THE PRESENCE OF WIND AND NO WIND
Kerry Atkins*, Martin Thompson1
1Discipline of Exercise and Sport Science, The University of Sydney, New South Wales, AUSTRALIA
This crossover designed study examined the influence of textile hygroscopicity on skin temperature responses
during 30 minutes of continuous cycling exercise at 60% V
.
O2peak in a thermoneutral environment (20°C and
50% relative humidity) in the convective airflow presence of forced convection (4.5 ± 0.2 m  s−2) and under
minimal convective airflow conditions. Ten well-trained male road cyclists completed two wear trials at random
in the forced convection and minimal convective airflow condition wearing a long-sleeved cycling jersey that
had a split design with a strongly hygroscopic (SH) fabric (wool) on one half and a weakly hygroscopic (WH)
fabric (polyester) on the other half of the garment. The cyclists’ mean age was 31 ± 5 years, mean height was
1.81 ± 0.05 m, mean body mass was 83.55 ± 10.89 kg, and mean body surface area was 2.04 ± 0.14 m2. The
previously reported actions of SH fibers increasing skin temperature through the evolution of sorption heat
following moisture absorption, and subsequent elevation in fabric temperature, was assessed. An effect of
WH fibers to impact skin temperature through increasing stratum corneum hydration, producing more skin-
to-fabric contact and skin erythema, was also investigated. Similar physiological responses in the skin, includ-
ing temperature, sweating, stratum corneum hydration (inferred from skin resistance) and erythema (indicated
by luminous flux), were found for both the SH and WH fabrics under wind and no wind conditions. In conclu-
sion, the textile hygroscopicity of the test garment was not found to significantly influence skin temperature
during moderate-intensity cycling exercise for 30 minutes in a thermoneutral environment under minimal wind
conditions and in the presence of forced convection. [ J Exerc Sci Fit • Vol 9 • No 2 • 100–108 • 2011]
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Introduction
An elevated body core temperature and/or skin temper-
ature can significantly impair prolonged exercise per-
formance (Nielsen et al. 1993). There is evidence that
wearing garments constructed from strongly hygroscopic
(SH) textile fibers, with good moisture absorption prop-
erties, can lead to better prolonged exercise performance
compared to when wearing weakly hygroscopic (WH)
garments (Gonzalez 1995; Li & Holcombe 1993). This
has been attributed to the following properties of SH tex-
tile fibers: greater absorption of evaporated sweat from
between the inner layer of clothing and the skin surface
that enhances sweat loss from a larger moisture gradient
for evaporative heat transfer; and the evolution of sorp-
tion heat associated with moisture absorption by hygro-
scopic fibers that raises the fabric temperature to increase
dry heat transfer from the outer surface of the fabric
(Zhou et al. 2007; Li & Holcombe 1993; Li et al. 1992;
Tokura & Natsume 1987; Holmer 1985; Behmann 1971).
It remains unclear as to whether or not athletes would
benefit from using apparel containing SH fibers, with
reports that the hygroscopic properties of textile fibers
do not significantly affect thermoregulatory responses
during exercise (Ha et al. 1999, 1995; Hatch et al. 1990;
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Brown & Banister 1985; Holmer 1985; Renbourne &
Rodwell 1963). Previous studies have used garment
designs and environmental conditions that are not rep-
resentative of actual conditions encountered during
sporting activities. For instance, the garments used in
prior studies have consisted of long-sleeved T-shirts and
pants (Ha et al. 1999, 1995; Kwon et al. 1998; Li &
Holcombe 1993; Hatch et al. 1990; Markee et al. 1990),
a long-sleeved T-shirt (Li et al. 1992), double-layered
vest (Vokac et al. 1976), tights (Behmann 1971), over-
alls (Pessenhofer et al. 1991), and a one-piece dress
(Tokura & Natsume 1987). Sporting activities, such as
cycling, require closer-fitting garments to reduce the
aerodynamic drag of the wearer (Brownlie et al. 1987).
For closer-fitting garments, the textile fiber content,
particularly the moisture permeation properties of the
textile fiber, has greater importance than with loose-
fitting garments as the movement of air through the
clothing is more restricted, which impairs temperature
regulation by reducing convective and evaporative heat
transfer (Pascoe et al. 1994). Fiber sorption may have
greater impact in close-fitting garments with more
skin-to-fabric contact (Hatch et al. 1990).
A further issue is that prior studies have used low
forced convection, which is not representative of an
actual wear situation. The reported benefits of SH fab-
rics to enhance body heat loss during exercise could be
small relative to the effect of convective airflow through
and around the body-clothing system (Brownlie et al.
1987). Of particular interest are the results of Kwon et al.
(1998) who compared fabric and skin temperature
responses during exercise in the presence of forced
convection (1.5 m  s−1) and under minimal wind con-
ditions. They reported that under minimal wind condi-
tions, a higher fabric temperature was shown for the SH
compared to the WH garment. However, with exposure
to convective airflow, similar fabric temperatures were
produced for the SH and WH garments and a higher
skin temperature was observed for the WH compared
with the SH garment.
Both SH and WH fabrics are reported to increase skin
temperatures. While greater skin temperatures observed
for SH fabrics are likely the result of the higher fabric
temperature following the liberation of sorption heat,
the mechanisms accounting for higher skin tempera-
tures seen in response to WH fabrics are less clear. The
effect of a WH fabric to increase skin temperature may
occur through its action to increase the hydration level
of the stratum corneum (Hatch et al. 1987). Wear trials,
conducted under resting conditions, have shown that
textile fibers that are less able to remove moisture from
the skin surface act to increase stratum corneum hydra-
tion through: (1) presenting a greater barrier to the diffu-
sion of moisture through the skin layers (transepidermal
water loss); and (2) less uptake of moisture via absorp-
tion and imbibed moisture processes in the fabric
(Cameron et al. 1997; Hatch et al. 1992). Furthermore,
fabrics that retain more moisture have been shown to
increase stratum corneum hydration through adding
moisture to the skin surface (Hatch et al. 1992). By
increasing the hydration level of the stratum corneum,
WH fabrics may induce a greater degree of skin-to-
fabric contact through swelling of the stratum corneum
(Gwosdow et al. 1986). It has been proposed that swell-
ing of the stratum corneum would produce a greater
skin blood flow arising from frictional forces at the skin-
to-fabric interface (Hatch et al. 1990; Gwosdow et al.
1986). The elevation in skin temperature in response
to less hygroscopic fabrics may then occur through a
greater degree of skin blood flow from a greater stra-
tum corneum hydration compared with more hygro-
scopic fabrics (Hatch et al. 1990; Fuzek 1981).
Under conditions of exercise, the effect of a WH
fabric to increase stratum corneum hydration and sub-
sequently increase skin temperature may occur. Hatch
et al. (1990) compared the effect of a SH (cotton) and
WH (polyester) fabric on stratum corneum hydration
and capillary blood flow responses during exercise in a
hot-humid environment. They reported similar capillary
blood flow responses to both fabrics, measured using
the laser Doppler velocimetry method. However, at body
sites where skin blood flow measures were not mea-
sured, they observed that some subjects demonstrated
a higher degree of skin erythema in response to the
polyester compared to the cotton garment. In the pres-
ence of forced convection, the differences in the level
of stratum corneum hydration observed for WH com-
pared with SH fabrics could be reduced as the uptake
of moisture by the fabrics may not be sufficient to
show an effect between the fiber types (Cameron et al.
1997).
The aim of this study was to examine whether the
textile hygroscopicity of sporting apparel significantly
influences skin temperature responses during pro-
longed exercise. As the different garment designs used
in previous studies may have varied the level of skin-
to-fabric contact, hence leading to conflicting results
about the impact of textile hygroscopicity on skin tem-
perature, the present study attempted to maximize
skin-to-fabric contact through using a tight-fitting cycling
jersey. To determine whether or not forced convention
attenuates the fiber sorption effects, or reduces the
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effect of stratum corneum hydration on skin tempera-
ture, wear trials were conducted under two environ-
mental conditions involving forced convection and
minimal wind conditions. This study also investigated
the potential role of stratum corneum hydration and
subsequent skin erythema on influencing skin temper-
ature, and whether or not these parameters are influ-
enced by textile hygroscopicity.
Methods
Study design
A crossover study design was used for this experi-
ment. Each subject completed a trial under high forced
convection (wind) and minimal wind conditions wear-
ing the test garments (described below), assigned at
random.
Garment details
A long-sleeved cycling jersey was used as the garment
design for this experiment. The jersey had a split design
with a SH fabric (wool) on one half and a WH fabric
(polyester) on the other half of the garment. The posi-
tion of the SH and WH fabrics on either the right or left
hand side of the garment was varied between garments.
The SH and WH fabrics were matched for construction
and differed only in their hygroscopic properties. The
physical characteristics of the garments were as fol-
lows: garment mass of 186 g  m−2 for the SH and WH
fabrics; thickness of 1.70 mm for the SH and 0.96 mm
for the WH fabric; fabric structure 1 by 1 rib knit for
both the SH and WH fabrics; mean fiber diameter of
18.5 μm for the SH and 18.4 μm for the WH fabric;
thermal resistance of 0.042 m2  °C  W−1 for the SH
and 0.022 m2  °C  W−1 for the WH fabric; and air 
permeability of 137.6 cm3  cm−2  s−1 for the SH and
129.4 cm3  cm−2  s−1 for the WH fabric.
A section of the garments (8 cm2) was removed to
facilitate obtaining measures in the chest region. A patch
of fabric was placed over the removed section that was
attached to the garment using Velcro. The removable
patch was used to measure changes in garment mass
before and after each wear trial at the chest measure-
ment site. To minimize the effect of the sweat capsule
lifting the fabric off the skin surface, a raised section
was added to the patch with the same dimensions as
the sweat capsule. To allow entry of the skin erythema
probe to the skin surface, a flap was placed in the top
corner of the patch with the same dimensions as the
probe.
Participants
Sample size was calculated using statistical techniques
for the difference between two means, based on the
method described in Motulsky (1995). A pilot trial was
undertaken with two participants, with the standard
deviation and precision (half width of the 95% confi-
dence interval) observed to be 0.55°C and 0.54°C,
respectively, at 10 minutes of exercise in response to the
SH fabric. The sample size calculation was then based
on these values. Eight subjects were estimated to be
required in order to have 80% power of detecting a
0.54°C difference between treatments with a signifi-
cance level of 0.05 (two tailed). We chose to study 10
subjects to allow for a potential drop-out in participation.
Ten well-trained male road cyclists gave their vol-
untary consent to participate in this experiment. Their
mean age was 31 ± 5 years, mean height was 1.81 ±
0.05 m, mean body mass was 83.55 ± 10.89 kg, mean
body surface area was 2.04 ± 0.14 m2, and mean peak
oxygen uptake was 4.62 ± 0.54 L  min−1. The experi-
mental methods were approved by the University of
Sydney’s Human Ethics Committee.
Environmental conditions
For all wear trials, the ambient temperature and rela-
tive humidity were maintained at 20°C (20.6 ± 0.5°C)
and 50% (52 ± 1%), respectively. The black globe tem-
perature was 21°C (21.0 ± 0.0°C). Two wear trials were
completed by each participant wearing the split fabric
jersey, either in the presence of forced convection
(4.5 ± 0.2 m  s−2) or under minimal wind conditions,
randomly assigned.
Measurements
Dry bulb and wet bulb temperatures were measured
with a sling psychrometer (Zeal, London, UK). Relative
humidity was determined using the method of Weast
and Astle (1978) based on the dry and wet bulb temper-
atures. Thermal radiation within the climate chamber
was measured with a black globe thermometer. Air
velocity was measured prior to each test session using
an anemometer (Alnor Compuflow ThermoAnemo-
meter; TSI Inc., Shoreview, MN, USA). Barometric pres-
sure was measured using a mercury barometer.
Barometric readings were corrected for temperature
according to Weast and Astle (1978).
Respiratory gas exchange variables were obtained
using open circuit spirometry. Each participant breathed
through a two-way valve mouthpiece (Hans Rudolf
Inc., Shawnee, KS, USA). Expired air was collected in
Douglas bags. A four-way stopcock valve was used for the
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continuous sampling of expired air. Minute ventilation
was measured using an airflow meter (Vacumetrics
model 17150; Vacumetrics Inc., Ventura, CA, USA).
Oxygen and carbon dioxide content was analyzed
using oxygen and carbon dioxide sensors and analyz-
ers (Thermox; AMETEK Inc., Newark, DE, USA). The
gas analyzers were calibrated from precision gas sam-
ples prior to each test. The rate of airflow through the
analyzers was regulated to 400 mL  min−1 using a flow
control meter (AMETEK Inc.). The method described
in McArdle et al. (1991) was used to perform metabolic
calculations.
Fabric patches were placed in plastic bags prior to
placing them on the participant and immediately after
exercise. Fabric patches and plastic bags used to store
the patches were weighed before and after exercise
using an electronic balance (Sartorius AG, Goettingen,
Germany) accurate to ±0.01 g.
The measurement sites for the skin and fabric tem-
peratures were located within the chest region on the
left and right hand side of the body. The skin and fabric
temperatures were measured using thermistors (Yellow
Springs Instruments Series No. 409; YSI Inc., Yellow
Springs, OH, USA). The skin temperature thermistors
were placed adjacent to the sweat capsule. Fabric temper-
ature thermistors were placed on the outside of the fab-
ric adjacent to the skin temperature measurement site.
Surgical tape (Transpore; 3M, Pymble, NSW, Australia)
was used to attach the thermistors to the skin and fabric
surfaces. Outputs from the thermistors were sampled
at 30-second intervals with a data logger (Datataker;
Thermo Fisher Scientific Inc., Scoresby, VIC, Australia)
interfaced with a PDP 11/73 computer for data recording.
Skin resistance measures were collected using a
skin resistance monitor (Atkins & Thompson 2001). A
small adhesive-backed electrode with conductive gel
(Kendall Care 610 resting ECG electrode; Covidien,
Mansfield, MA, USA) was selected to pass current
through the skin surface as it had a low profile to assist
in maintaining close contact between the skin surface
and the fabric, and its use did not require preparation of
the skin surface, such as removing layers of the stratum
corneum which would have affected skin erythema mea-
sures. The electrodes were placed within the chest region
measurement site adjacent to each other, separated by a
distance of 1cm in all trials. The electrodes were secured
to the skin surface using surgical tape (Transpore; 3M).
Skin resistance measures were obtained after 5 minutes
of rest and at 5-minute intervals during exercise.
A device that measured luminous flux from the skin
surface was developed for this study that measured
the amount of light reflected from the skin surface as an
indicator of skin erythema. The method and materials
for this measurement system are described in Atkins
and Thompson (2001). Luminous flux was measured
within the chest region with access to the skin surface
gained through a flap within the garment. Luminous
flux measures were collected after 5 minutes of rest
and at 5-minute intervals during exercise.
A ventilated sweat capsule system (Multi-site Sweat
Rate System Version 2.0; Turner & Gass 1993) was
used to measure the dynamic local sweating rate based
on the method of Graichen et al. (1982). The capsule
was constructed of perspex and was 20 mm in diame-
ter with a height of 5 mm. Air of known relative humid-
ity and flow rate was delivered to the capsule by two
procedures. First, air was passed through a container
filled with a super-saturated solution of lithium chloride,
which acted to condition the air to a relative humidity
of approximately 12%, prior to the delivery of air to the
sweat capsule. An air pump and pin valve was used to
control the airflow rate through the system with the rate
of airflow measured using a flow meter (CT PLATON
SAS, Domont Cedex, France). The flow rate was set at
200 mL  min−1. Changes in the moisture content and
temperature of the air stream were measured using a
humidity and temperature sensor (Vaisala Humitter 50Y
sensor; Vaisala Oyj, Helsinki, Finland). Output of the sen-
sor was sampled via an analog to digital converter card.
The rate of sweating was calculated using the method of
Graichen et al. (1982). The system was calibrated using
saturated salt solutions as standards of known relative
humidity. Sweating rate was measured in the chest
region. The sweat capsules were attached to the skin
surface using surgical tape (Transpore; 3M). Sweating
rate measures were sampled at 30-second intervals.
Experiment protocols
Participants were screened for contraindications to exer-
cise through the completion of a medical history ques-
tionnaire and the measurement of their resting blood
pressure. Their body mass and height were measured.
Each participant then completed an incremental cycling
ergometer test for the determination of their peak 
oxygen uptake (V
.
O2peak). This test involved the perfor-
mance of three submaximal workloads (100 W, 150 W
and 200 W) for 3 minutes at each workload, followed
immediately by an increase in the power output of 25W
every 30 seconds until volitional fatigue. The workload
corresponding to 60% V
.
O2peak was determined from the
regression of oxygen uptake to power output (100W,
150W and 200W).
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Wear trials were conducted in an environmental
chamber at an ambient temperature of 20°C and relative
humidity of 50%. The test garments and fabric patches
were conditioned in the test chamber at 20°C and
50%relative humidity for 1 hour prior to the wear trial.
Each participant completed two wear trials in the
wind and no wind condition, at least 7 days apart.
In all trials, each participant provided their own
cycling knicks (shorts), socks and shoes. Body mass
was measured with each individual wearing cycling
knicks. A pre-exercise fabric patch mass for each fabric
type was measured. Seat height on the cycle ergome-
ter was adjusted to the required height, with the same
seat height used for a given participant for each trial.
The participant was then seated on the cycle ergome-
ter. The skin resistance electrodes were attached. The
garment was placed on the participant with the fabric
patches removed. The sweat capsules and skin ther-
mistors were then attached. The fabric patches were
attached over the electrodes, skin thermistors and sweat
capsules. The fabric temperature thermistors were placed
on the fabric patches. The elapsed time for connecting
the thermal monitoring equipment and skin resistance
electrodes and leads was approximately 5 minutes.
The participant then rested for 5 minutes. Measures of
skin resistance and skin erythema for each fabric were
then obtained after the 5-minute rest period.
After the resting measures were taken, the partici-
pant started the “warm-up” period, cycling at 100 W
for 2 minutes. For the wind trials, the fan assemblies
were turned on simultaneously as the participant started
exercise, with the air velocity set at 4.5 m  s−1. At the
end of the warm-up period, the workload was increased
to the power output corresponding to 60% V
.
O2peak and
the participant cycled continuously for 30 minutes
(including the 2-minute warm-up period).
Skin temperatures, fabric temperatures and sweat-
ing rate were sampled at 30-second intervals through-
out the rest and exercise periods. Skin resistance and
skin erythema measures were taken at 5-minute inter-
vals during exercise.
Following the exercise period, the participant was
instructed to stop pedaling. For the wind trials, the fan
assemblies were turned off. The fabric patches were
removed as quickly as possible and placed in a sealed
plastic bag. The sweat capsules, skin resistance elec-
trodes and leads, and temperature monitoring equip-
ment were promptly removed. Body mass, with the
subject wearing cycling knicks, and the mass of the
fabric patches were measured.
Fluid was not consumed during the wear trials.
Statistics
Data are presented as mean ± standard deviation. Two-
way repeated measures ANOVA was used to assess the
statistical significance of differences in skin tempera-
ture, skin erythema, local sweating rate, skin resistance,
fabric temperature, and fabric patch mass in the two
within-subject factors: fabric type (wool vs. polyester)
and wind conditions (forced convection vs. minimal
wind). When indicated, post hoc paired t tests were
performed with a Bonferroni correction applied to
adjust for multiple comparisons. Statistical analyses
were performed using SPSS version 17.0 (SPSS Inc.,
Chicago, IL, USA). The level of statistical significance
was set at p < 0.05.
Results
Skin temperature (Tsk) had initial values of 32.78 ±
0.97°C in SH and 32.72 ± 1.01°C in WH prior to the
wind trials, and 32.82 ± 1.51°C in SH and 32.93 ±
0.73°C in WH before the no wind trials. After com-
mencing exercise with no wind, a similar response for
Tsk occurred for the SH and WH fabrics (Figure 1). After
30 minutes of exercise, Tsk reached 34.03 ± 1.74°C and
34.15 ± 1.24°C in SH and WH, respectively (Figure 1).
After the onset of exercise with wind, Tsk began to fall
at a similar rate for both SH and WH, with final values
at 30 minutes of exercise of 30.06 ± 2.29°C in SH and
29.40 ± 3.29°C in WH (Figure 1). Although Tsk was
higher in SH than in WH, the difference between the
fabrics was not significant.
Mean local sweating rates at rest before the no
wind trials were 0.05±0.02mL  cm−2 min−1 and 0.06±
0.11mL  cm−2 min−1 for SH and WH, respectively. After
the commencement of exercise, the sweating rate rose
progressively throughout the exercise period at a simi-
lar magnitude for both fabrics. The final sweating rate
was 1.16 ± 0.18 mL  cm−2  min−1 in SH and 1.33 ±
0.39mL  cm−2 min−1 in WH. Prior to the wind trials, 
the resting sweating rates were 0.05 ± 0.11 mL  cm−2 
min−1 in SH and 0.04 ± 0.01 mL  cm−2  min−1 in WH.
A gradual rise in sweating rate occurred for both fab-
rics throughout exercise, with a final sweating rate 
of 0.40 ± 0.17 mL  cm−2  min−1 in SH and 0.52 ±
0.16 mL  cm−2  min−1 in WH. The sweating rate for
WH under the wind condition was slightly higher than
for SH, although this difference was not significant.
In the no wind condition, the average amount of
sweat absorbed in the test fabric patches were 0.51 ±
0.23 g in SH and 0.28 ± 0.19 g in WH, which were 
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significantly different (p < 0.05). In the wind condition,
only a minimal amount of sweat was absorbed in both
the SH and WH patches (0.06 ± 0.14 g and 0.01 ± 0.02 g,
respectively).
Figure 2 shows a comparison of fabric temperature
responses in SH and WH during the wind and no wind
trials. At rest prior to the no wind trials, the mean fabric
temperature was 26.09 ± 4.29°C in SH and 25.65 ±
2.44°C in WH. From the 10th to 30th minutes of exer-
cise, a significantly higher (p < 0.05) fabric tempera-
ture was observed for SH. The final fabric temperature
for the SH and WH fabrics at 30 minutes of exercise
was 29.48 ± 3.24°C and 27.76 ± 2.72°C, respectively
(Figure 2). In the presence of wind, the fabric tempera-
ture fell markedly for SH and WH during the first 10
minutes of exercise (Figure 2). Stable values of around
21°C were observed for both fabrics from the 10th to
30th minutes (Figure 2). The final fabric temperature in
the wind trial was 21.28 ± 0.42°C in SH and 21.12 ±
0.29°C in WH.
Skin resistance responses during the wind and no
wind trials are shown in Figures 3 and 4, respectively.
At rest, and during the initial stages of exercise, a high
degree of variation in individual skin resistance mea-
sures was observed in both the wind and no wind tri-
als. In the wind trial, the resting skin resistance was
205 ± 137 kΩ in WH and 167 ± 163 kΩ in SH. After 5
minutes of exercise, the skin resistance measures were
similar for both fabrics, with final values at 30 minutes
of exercise of 29 ± 37 kΩ in SH and 26 ± 30 kΩ in WH
(Figure 3). At rest before the no wind trial, skin resis-
tance was 245 ± 222 kΩ for WH and 234 ± 204 kΩ for
SH. A rapid reduction in skin resistance was found during
the first 10 minutes of exercise in the no wind condition
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Fig. 1 Skin temperature (mean ± standard deviation) in res-
ponse to the strongly hygroscopic (SH) and weakly hygroscopic
(WH) fabrics under conditions of wind and no wind.
Fig. 2 Fabric temperature (mean ± standard deviation) in
response to the strongly hygroscopic (SH) and weakly hygro-
scopic (WH) fabrics under conditions of wind and no wind.
*p < 0.05 between fabrics in the no wind condition.
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Fig. 3 Skin resistance (mean ± standard deviation) in response
to the strongly hygroscopic (SH) and weakly hygroscopic (WH)
fabrics during the wind wear trials.
(Figure 4). The final measures at 30 minutes of exer-
cise showed minimal skin impedance in response to
both fabrics, being 4 ± 3 kΩ and 3 ± 2 kΩ for the SH
and WH fabrics, respectively.
Luminous flux measures at the skin surface during
the wind and no wind trials are shown in Figure 5.
Luminous flux was slightly higher for SH compared to
WH from the 5th to 30th minutes of exercise in the no
wind condition; however, the differences between the
fabrics were not significant. Luminous flux at rest before
the no wind trials was 2,230 ± 165 luxes in SH and
2,246 ± 172 luxes in WH. The final measures at 30
minutes were 2,149 ± 154 luxes and 2,130 ± 155 luxes
for SH and WH, respectively. Luminous flux measures
in the presence of wind were of a similar magnitude to
the no wind condition (Figure 5). SH and WH had sim-
ilar luminous flux values at rest and during exercise.
The resting measures were 2,142 ± 146 luxes in SH
and 2,136 ± 127 luxes in WH. At 30 minutes, luminous
flux was 2,083 ± 118 luxes in SH and 2,089 ± 115 luxes
in WH.
Discussion
The extent of fabric contact with the skin surface is
affected by the design, fit and fabric construction of
the clothing worn. Insufficient fabric contact with the
skin may account for the lack of differences in skin
temperature during physical activity between SH and
WH fabrics reported in previous studies (Hatch et al.
1990). A close-fitting cycling jersey design was used in
this study to achieve as much contact between the test
fabrics and skin surface as possible. Also, the fabric
patch over the measurement site was designed to facil-
itate skin-to-fabric contact.
The majority of previous studies investigated the
influence of textile hygroscopicity on thermoregula-
tion under conditions of low or no forced convection,
which is not representative of an actual wear situation.
We therefore investigated whether any effect of textile
hygroscopicity on skin temperature is impacted by the
presence of forced convection. When exposed to con-
vective airflow, only a minimal amount of moisture was
absorbed in both the SH and WH fabrics, as shown by
a small gain in mass of the fabric patches. This was
due to a greater removal of sweat from the void spaces
in the fabric matrix by convective airflow (Pascoe et al.
1994) and a low sweating rate in response to a reduc-
tion in skin temperature from the convective cooling of
the skin surface (Figure 1). Consequently, similar fab-
ric temperatures were observed for both fabrics as the
SH fabric liberated little heat of sorption due to a low
moisture content (Figure 2). The skin temperature in the
wind condition was then comparable for both fabrics
(Figure 1).
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In the absence of convective cooling, the sweating
rate rose progressively throughout the exercise period.
This led to a significant (p < 0.05) absorption of sweat
by the SH fabric and the evolution of sorption heat,
which significantly (p < 0.05) raised the SH fabric tem-
perature (Figure 2). Unlike in previous studies (Li &
Holcombe 1993; Li et al. 1992; Hatch et al. 1990; de
Dear et al. 1989; Tokura & Natsume 1987; Holmer
1985), the higher temperature of the SH fabric did not
raise the skin temperature to a greater extent compared
with the WH fabric (Figures 1 and 2). The elevated fab-
ric temperature may not have had an impact on skin
temperature due to insufficient contact at the skin-to-
fabric interface. However, this study used a garment
design that was intended to maintain contact between
the test fabrics and the skin surface. It is then likely
that the magnitude of sorption heat released in the SH
fabric was not sufficient to have a significant impact
on skin temperature over other environmental and
thermoregulatory factors that were involved in deter-
mining the skin temperature response during exercise.
In addition to assessing the influence of fiber sorp-
tion effects on skin temperature, this study also inves-
tigated whether a WH fabric significantly modifies skin
temperature responses during exercise through an action
on stratum corneum hydration and skin erythema
(Cameron et al. 1997; Hatch et al. 1987; Gwosdow 
et al. 1986; Fuzek 1981). We did not find any signifi-
cant effect of the WH fabric on these parameters.
Impedance measurement has been previously shown
to provide an indication of the hydration of the super-
ficial horny layer of the stratum corneum (Edelberg
1977). The capacitance of the stratum corneum increases
as its level of hydration increases. We then measured
skin resistance in this study as a measure of stratum
corneum hydration. Further details of the measure-
ment system that we used are provided in Atkins and
Thompson (2001). The stratum corneum hydration
levels in response to dry fabrics have previously been
shown to be similar and independent of the type 
of fabric applied to the skin surface (Cameron et al.
1997). In the presence of wind, where the test fabrics
remained relatively dry and the sweating rate was low,
a similar level of stratum corneum hydration was then
observed during exercise (Figure 3). In the no wind
condition, there was a substantially higher sweating
rate and greater moisture content in both of the test
fabrics. As a result, there was a rapid increase in stra-
tum corneum hydration for both fabrics as shown by
the rapid decline in skin resistance under these condi-
tions (Figure 4).
We developed a device for this study to examine
changes in skin erythema, indicated by the amount of
reflected light (luminous flux) from the skin surface
from a known amount of illuminated light delivered to
the skin surface (Atkins & Thompson 2001). A reduc-
tion in the luminous flux from the skin surface indi-
cates a darker skin surface from a greater degree of
skin erythema. Both the SH and WH fabric showed
comparable trends in luminous flux measures during
both the wind and no wind trials (Figure 5), implying
that the level of skin erythema was not influenced by
the test fabrics. This finding is consistent with that of
Hatch et al. (1990), who found that textile hygroscop-
icity did not significantly influence skin blood flow,
sampled using the laser Doppler velocimetry technique,
under exercise conditions.
In conclusion, the textile hygroscopicity of the test
garment was not found to significantly influence skin
temperature during moderate intensity cycling exercise
for 30 minutes in a neutral environment under mini-
mal wind conditions and in the presence of forced
convection.
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